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Phase-­field  modeling  of  fracture                                                

Comparison  between  experimental  and  numerical  results

Phase-­field modeling is an elegant approach to simulate complicated fracture processes, including crack initiation, propagation,
merging and branching in a unified framework without the need for ad-­hoc criteria and on a fixed mesh. The objective of this work is
to provide qualitative and quantitative comparisons between interactive mixed-­mode fracture test results in cement mortar and
numerical simulations through phase-­field approach.

where is the phase-­field parameter which describes the state of the
material and varies smoothly between 1 (intact) and 0 (completely
broken) and is the fracture energy. Here is a length-­scale parameter
characterizing the width of the diffusive approximation of a discrete
crack.
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Fig. 2: Displacement contours (Z-­component) on
one face of the specimen (left) experimental data
and (right) numerical results [3].

Fig.  3:  Comparison  between  experimental  and  numerical  results  for  (left)  normal  
force  and  (right)  shear  force.  

Fig. 4: Comparison of the crack branching angle between (left) the
tomographic image in the interior of the specimen, (middle) the simulated
results on face 1 and (right) the simulated results on face 2.

The  testing  machine  can  apply  a  complete  twist(3  translations
+3  rotations),  wrench  (3  moments+  3  forces)  or  a  combination  
of  both  to  the  boundary  of  the  specimen.  

Digital image correlation
(DIC) can not only provide
the full displacement field on
each face of the sample as
boundary conditions (BCs)
for simulations, but also lead
to the interactive adjustment
of the applied BCs for
generating more complex
and stable crack patterns.

For brittle materials, the fracture problem is formulated as the
minimization problem of the regularized energy functional [1]
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Fig.  1:  Experimental  set-­up  [2].
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A remarkably good agreement between
experimental and numerical results is found. This
demonstrates the capability of the phase-­field
approach to predict complex mixed-­mode fracture
phenomena in cement mortar.


